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Is the Climate Changing?
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Climate Impacts Group – University of Washington
Trends: Change in Average Temperature 
Spring  (°C per century)
Source: Indicators of 
Climate Change for 
BC 2002
http://wlapwww.gov.bc.ca/
air/climate/indicat/index.ht
ml
Some evidence that Earth is 
warming
• Global average surface temperature: up 
0.6°C (1.1°F) during 20 th century
• Permafrost, glaciers melting
• Arctic ice thinning
• Frost-free season longer in many places
• Plants blooming earlier in spring
 all adds up to real warming, not 
urbanization
Use your common sense and powers of 
observation…things are different even 
in our lifetimes…
Is it just natural variability?
Is it part of the natural cycle of 
the earth heating and cooling?
IPCC 2000
Variations of the Earth’s surface temperature
Global 
mean
14.0°C
Phil Mote University of Washington
Natural Climate Influence Human Climate Influence
All Climate Influences
Climate Impacts 
Group
University of 
Washington
If it is us how are we impacting 
climate?

Climate Change
Ice Core Temperature and CO2 levels past 20,000 yrs
Canadian Institute for Climate Studies
IPCC – www.ipcc.ch
21st century temperature change
IPCC (www.ipcc.ch)
Northwest warming
7
8
9
10
11
12
13
1
9
0
0
s
1
9
1
0
s
1
9
2
0
s
1
9
3
0
s
1
9
4
0
s
1
9
5
0
s
1
9
6
0
s
1
9
7
0
s
1
9
8
0
s
1
9
9
0
s
2
0
0
0
s
2
0
1
0
s
2
0
2
0
s
2
0
3
0
s
2
0
4
0
s
D
e
g
r
e
e
s
 
C
warmest scenario
average 
coolest scenario
observed
Science of climate change
• Thousands of peer-reviewed scientific papers
• Intergovernmental Panel on Climate Change (IPCC)
• Major reports in 1990, 1996, 2001, 2007
• Conclusions:
• “An increasing body of observations gives a 
collective picture of a warming world and other 
changes in the climate system.”
• “There is new and stronger evidence that most 
of the warming observed over the last 50 years 
is attributable to human activities.”
The science is clear humans are 
Contributing to and accelerating climate 
change

Canada’s Emissions Projection and 
Kyoto Target (2001 version)
So what are some of the 
consequences?
Economics - Nicholas Stern Report
• “The world has to act now on climate change or face 
devastating economic consequences.”
• Extreme weather could reduce global gross 
domestic product (GDP) by up to 1% 
• A two to three degrees Celsius rise in temperatures 
could reduce global economic output by 3% 
• If temperatures rise by five degrees Celsius, up to 
10% of global output could be lost. The poorest 
countries would lose more than 10% of their output
• To stabilise at manageable levels, emissions would 
need to stabilise in the next 20 years and fall 
between 1% and 3% after that. This would cost 1% of 
GDP
Increase in extreme weather events.
The number of Category 4 and 5 hurricanes 
has almost doubled in the last 30 years.
Emanuel, K. 2005. Increasing destructiveness of tropical cyclones 
over the past 30 years. Nature 436: 686-688.


The Arctic Ocean could be ice free 
in summer by 2050.
Arctic Climate Impact Assessment. 2004. Impacts of a Warming 
Arctic. Cambridge, UK: Cambridge University Press. Also quoted in 
Time Magazine, Vicious Cycles, Missy Adams, March 26, 2006.
2001: Mountain pine beetle damage
Pest outbreaks may become 
more intense
Global sea levels could rise by more than 20 feet 
with the loss of shelf ice in Greenland and 
Antarctica, impacting coastal areas worldwide.
Washington Post, 
"Debate on Climate 
Shifts to Issue of 
Irreparable 
Change," Juliet 
Eilperin, January 
29, 2006, Page A1.
Rising global sea levels could leave 
200 million people permanently 
displaced – Nicholas Stern
Larsen B 
Ice shelf
Antarctica
January 31, 2002
MODIS data
Courtesy NSIDC
February 17
February 23
March 5
Droughts and wildfires will occur 
more often.
Habitat changes – increased 
habitat availability
Decreased habitat availability
Up to 40% of species worldwide could face extinction – Nicholas Stern
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Illecillewaet glacier – Vaux Family photographs
Melting Glaciers
Chaney Glacier
M. R. Campbell/USGS photo. 1911
B. Reardon/USGS photo. 2005
Shepard Glacier
W. C. Alden/ USGS photo. 1913
B. Reardon/ USGS photo. 2005
Grinnell Glacier from Mt. Gould
1938
Hileman
photo/ GNP 
Archives
1981
Key/ USGS 
photo
1998
Fagre/ USGS 
photo
2005
Reardon/ 
USGS photo

Glacier Park Factoids 
• 150 in 1850 to 27 or less in 2006
• Less than 28% of the glacier area 
remains
• Less than 10% of the glacier 
volume remains
• Glaciers continue to disintegrate 
and melt
Average Monthly Runoff of Grinnell Glacier, 
Glacier National Park, MT
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Aquatic invertebrate 
species distribution
in response to 
stream temperature
Hydropsyche cockerelli
Arctopsyche grandis
Parapsyche elsis
Minimal glacial 
runoff
Present glacial
runoff
Modified from Dyurgerov and Meier, 2005
Dyurgerov, M. and Meier, M.F., 2005. 
Glaciers and Changing Earth System: A 2004 Snapshot. 
Occ. Paper #58, INSTAAR, BoulderGeorg Kaser
Climate signal Net water release
Remember there are are some 
positives...What are the opportunities?
“Higher summer and 
winter temperatures, 
declining mountain 
snowpack, reduced 
snowfall, long, dry 
summers, sudden heavy 
rains – the residents of 
the Columbia River Basin 
in Canada are 
experiencing different 
weather conditions than 
in the past.”
Preliminary Analysis of
Climate Change 
in the Canadian 
Columbia River Basin
- Focusing on Water Resources
Prepared for the Columbia Basin Trust by
Pacific Climate Impacts Consortium
Columbia Basin Temperature Trends
Columbia Basin mean annual temperature record and 50-year trends.
•The average temperature of the Basin has increased by 1.50 C 
Celsius over the past century
•Compared to 0.80 C in the Pacific Northwest and 0.60 C 
globally.
•It’s getting less cold rather than warmer.
Future Basin Temperature 
Predictions
• PCIC Global Climate Models using a mid- range 
future emissions from the IPCC.
(Increase from current)
1.1 -1.3 C0 by 2020’s
2.4 - 3.00 C by 2050’s
3.3 – 5.00 C by 2080’s
30 C change means West Kootenay communites
would have a mean annual temperature similar to 
Osoyoos today.
50 C change triggered the last ice age
Glacial Melt in the Columbia Basin
Ice loss by watershed (1986-2000)  
161,7532,09779,105Total area/percentage
17.71672036,483Upper Arrow Lakes
28.34.306.006,598St. Mary’s River
46.61.182.213,419Slocan River
18.42583165,633Lake Revelstoke
NANANA6,607Lardeau River
31.815225,372Kootenay River
37.57.50129,378Kootenay Lake
16.41682015,654Kicking Horse River
8.6211.9135,885Elk River
18.51682064,758Duncan River
19.4831034,455Columbia River
12.27488527,867Columbia River 
Headwaters
25.01201603,166Canoe River
60.20.451.133,829Bull River
% Loss2000 Ice (km2)1986 Ice (km
2)
Basin 
Area 
(km2)Basin
Brian Menuous-
University of 
Northern BC
Impacts of Glacial Melt
• Glaciers act as natural reservoirs. Provide 
water in later summer and fall months 
when precipitation is lower.
• Cold water run-off critical for existing fish 
species.
• Some watersheds and communities rely 
on glacial melt for late summer flows.
• System wide 10%-20% of the annual flows 
and 50% of late summer flows in some 
years result from glacial melt.
What are the projected 
Hydrologic Changes in the 
Columbia Basin
Associated with Climate 
Change
For areas that accumulate snowpack in 
winter, the areas close to freezing in mid-
winter are most sensitive to warming.
+2.3C,
+4.5% 
winter 
precip
Climate Impacts Group – U of Washington
April 1 SWE (mm)
20th Century Climate “2020s” (+1.7 C) “2040s” (+ 2.25 C)
-3.6% -11.5%
Changes in Simulated April 1 
Snowpack for the Canadian 
and U.S. portions of the 
Columbia River basin
(% change relative to current climate)
-21.4% -34.8%
Climate Impacts 
Group
University of 
Washington
Snowlines moving up
Impacts of Climate Change on 
Streamflow
• Less snow, earlier melt means less water in summer (Summer low 
flow issues)
– irrigation 
– urban uses
– fisheries protection
– energy production
• More water in winter
– energy production
– Flooding
Earlier Spring runoff
-20 days earlier 
(1984-1995 compared
to 1970 – 1983)
Natural Columbia River flow at the Dalles, OR.
Source:  P. Mote, University of Washington
Fraser Freshet: timing and magnitude
Impacts of a climate change scenario on Fraser River 
streamflow.  Source:  Morrison et al. (2002)
Trends: Change in Date of First River Ice Melt 
(days per decade)
Source: Indicators of 
Climate Change for 
BC 2002
http://wlapwww.gov.bc.ca/
air/climate/indicat/index.ht
ml
Effects of Hydrologic Changes
Increased Winter Flow
Increases winter flooding in some basins
Increased scouring events and sediment 
loads(?)
Potential benefits to winter hydro production
Reduced Snowpack and Earlier Snow Melt
Reduces spring flooding in some basins
Reduces summer water availability (limited storage)
Reduces summer hydro production 
May change structure of mountain ecosystems 
Longer dry season may intensify forest disturbance 
(e.g. fire, disease, insects)
Late summer streamflows systematically lower (which 
may be intensified by shrinking glaciers)
Increased water temperatures 
Reductions in Supply
Increases in Demand
Conflicts with Other 
Water Resources
Objectives
Water Supply Impact Pathways
Combined 
Impacts
Climate
Change
Increasing
Population
Changes in water quantity and timing
Reductions in summer flow and water supply
Increases in drought frequency and severity
Changes in extremes 
Changing flood risk (up or down) 
Summer low flows 
Changes in groundwater 
Changes in water quality
Increasing water temperature
Changes in sediment loading (up or down)
Changes in nutrient loadings (up or down)
Changes in vegetation
Forest fire
Insects
Disease
Invasive species
Changes in outdoor recreation
Skiing
Camping
Boating
Impact Pathways Associated with Hydrologic Changes
Starting the dialogue on Climate 
Change in the Columbia Basin
1. Accept that the present is, and the 
future will be, different from the past, 
and continue to learn about the 
changes
2. Expect surprises, and be as prepared 
as possible
3. Factor in climate change for long-term 
decisions
Conclusions
• In order to start dealing with Climate 
Change in the Columbia Basin Education 
and Dialogue is key
• Adaptation – Even if we stop all emissions 
now the climate will keep changing. How 
do we adapt to our new reality?
• Mitigation – We have decisions to make in 
the next 20 years about future impacts 
(Stern). 
What Can Individual Communities Do?
1) Wise water and energy use
As time goes on many practical options for making this choice will be 
increasingly available to individual consumers, and many options are 
available now.
2) Improve the ability to respond to increasing risk of impacts
Drought planning
Fire management planning
Environmental stewardship
Land use
Forest and vegetation management
Fish and wildlife
Flood protection
Economic Diversification
3) Improve long-term planning and adaptation efforts by incorporating 
scenarios into existing planning processes, and improve efforts to develop 
flexible management strategies that solve existing problems AND improve 
resilience to expected future impacts.
4) Share local information and adaptation strategies.  Provide information 
and incentives for participation in existing efforts.
Thank You
Contact Us 
www.cbt.org
